###### Strengths and limitations of this study

-   A study that comprehensively compares the demographic characteristics, drug-related practices, sexual practices and infection status among synthetic drug (SD) only users, heroin-only users and poly-drug users in a national sentential surveillance setting.

-   It explores the underlying associations between users having different administration of drugs use and sexual behaviours.

-   It shows the status of people injecting SDs and adds to the evidence for harm reduction and sexually transmitted infections prevention in drug era with increasing numbers of SDs.

-   Potential recall bias may exist in the study since drug-related behaviours and sexual behaviours were from the participants self-report.

-   The number of respondents who only injected SDs was small, which will reduce statistical power regarding analysis.

Background {#s1}
==========

Recreational drug use is a significant public health concern worldwide, and those who inject drugs may experience severe health consequences from the drug harms, bloodborne infections due to sharing of contaminated injection equipment and inequity in accessing healthcare services.[@R1] While the size of this population has continued to grow during the recent decade, access to health services underpinned by harm reduction principles has remained low (about one in six in this population).[@R3] Consequently, specific disease burdens in this population are disproportionally high globally: in 2015, approximately 13.3% people who inject drugs are living with HIV, and 50.8% are living with chronic hepatitis C virus (HCV) infection.[@R3]

In China, since the 21st century, unsafe drug use, especially heroin use, has contributed to surging epidemics of bloodborne infections, such as HCV and HIV.[@R4] In the last decade, synthetic drug (SD) use increased throughout China. In 2015, the use of SD in China exceeded heroin use for the first time. The most common SDs, such as methamphetamines, have strong euphoric effects and have been associated with prolonged sexual activity.[@R5] The combination of sexual risk and injecting drug use creates a complex with the mixture of exposure that may facilitate the spread of bloodborne viral and sexually transmissible infections.[@R8] Moreover, drug users in China generally consume SD via snorting, but currently, drug users have shown an increasing trend on injecting SD for a more intense high, which is consistent with the reports in other countries.[@R12] Though compared with heroin, SD injection is still used on a small scale, this intake method is estimated to bring more unpredicted harm than previous way. Furthermore, it has been documented that 30%--40% of heroin users in China nowadays also use SD and some SD users inject heroin at the same time as well to maximise pleasure, with the proportion expected to grow rapidly in the next few years.[@R14] This poly-drug use is associated with more harmful drug effects and high-risk behaviours. As different drugs act on bodies in various ways to cause sedation, the drug effects would be magnified by using multiple drugs. For example, concurrent use of cocaine and heroin (the mixture being dubbed as a 'speedball') has a synergistic impact on reducing norepinephrine release and reuptake.[@R16] Hence, poly-drug intake, although at the same dosage as a single drug, can cause much stronger sexual stimulus.[@R17] However, the specific effects of how these various drug-using patterns facilitate bloodborne viral and sexually transmissible infections transmission mainly including HCV, HIV and syphilis infections remain unknown in China.

Yuxi, located in central area of Yunnan province, is renowned for its drug trafficking and consumption in China, which may result in some of the highest rates of HIV, syphilis and HCV infections in China.[@R19] Specifically, from 2005 to 2016, a total of 3092 unique HIV-positive people were diagnosed in this region, accounting for 0.13% of its total local population, with 326 being classified as newly infected in 2016. Further, 763 newly infected syphilis cases and 470 HCV-positive cases were notified in this area in 2016.[@R20] Thus, Yuxi is a proper study setting to investigate the relationship between HCV, HIV and syphilis infections transmission and injection drug users (IDUs), especially in the era of the constant emergence of new SDs. This study aims to identify the characteristics among different drug users and assess if different pattern and doses in drug use were associated with the sexual practice of drug users.

Methods {#s2}
=======

A cross-sectional survey was conducted in the largest detoxification centre in Yuxi, which is also one of the Chinese national HCV, HIV and syphilis infections sentential surveillance sites that routinely collect data from designated priority populations. As China has harsh antinarcotics policies, if drug users are arrested by the police or reported by the community, they should be put in the detoxification centre compulsively for quitting drugs. Currently, China has 700 detoxification centres, and these centres housing a total of 350 000 people,[@R22] so the population from detoxification centre can represent the general drug users in China. The eligibility criteria included the following: (1) recent injection of recreational drugs in the previous week, (2) being 18 years of age or older, (3) residing in Yuxi in the previous 3 months and (4) provision of written informed consent. This paper reports findings from our secondary data analysis (stripped of any personal identifier) of these local routinely collected biobehavioural surveillance data.

Data were collected between 26 January 2015 and 11 December 2015. On the first day of their admission to the detoxification centre, all participants were offered to self-complete a paper survey, with 15 min completion time on average. The questionnaire was used by the Chinese CDC as part of their routine sentential surveillance system nationally, which include all sites in Yunnan province. It covered key sociodemographic characteristics, patterns of latest drug consumption and a range of sexual practices. Specifically, the list of recreational drugs under investigation included heroin, cocaine, methamphetamine, ketamine and ecstasy, the participants reported whether they used one or more of them. The routes of drug administration were intravenous, smoking, snorting and oral ingestion. Inquiries into sexual activities were assessed by six questions (with a yes/no answer). The first set of two questions were 'Did you have any sex in the previous month?' and if yes, whether condoms were used for sex in the same period. The second set of questions were: 'Did you engage in any commercial sexual activities in the previous 12 months?' and if yes, whether condoms were used for commercial sex in the same period. The third set of questions were: 'Did you have sex with a fixed/regular partner in the previous 12 months?' and if yes, whether condoms were used for sex with the partner in the same period.

We differentiated 'poly-drug users' as those who used both heroin and any SDs concurrently from heroin-only users and SD-only users. Specifically, heroin-only users are people who only used heroin and did not use SD before. While SD-only users are people who used one or more of drugs in cocaine, methamphetamine, ketamine and ecstasy and did not use heroin before. The participants were classified into three categories according to their drug use. The comparison of demographic characteristics, drug-related behaviours, sexual practice and infection status was conducted between three groups. The relationship between sexual practice and drug injection frequency was explored within each drug group.

Each survey participant also undertook linked blood and urine test. Serological detection of HIV, HCV and syphilis infections followed standard Chinese national diagnostic guidelines in which: HIV-positivity was confirmed by ELISA screening and western blotvalidation[@R23]; HCV-positivity was confirmed by detection of HCV antibodies through repeated, independent ELISA testing[@R24] and syphilis-positivity was confirmed by rapid plasma reagin circle card test screening with *Treponema pallidum* particle agglutination assay validation. Laboratory-confirmed HIV, HCV or positive syphilis cases were notified and referred, following the standard clinical referral pathways. The urine detection results of drug residuals were used to corroborate with self-reported drug consumption in the previous week.

Statistical analysis {#s2a}
--------------------

All data analyses were conducted on SAS V.9.4 (SAS Institute). Descriptive and subsequent inferential analyses were performed. Comparisons across three subgroups were conducted using Wald X^2^ test. Two multiple linear regression models were built to assess the relationship between drug use frequencies and sexual practices in each category of drug users. Dependent variable of two regression models were drug users having sexual activities and drug users having condomless sexual behaviours, respectively. Sexual activities in the model were defined by having sex in the previous 1 month, engaging in any commercial sexual activities in the previous 12 months and having sex with a fixed/regular partner in the previous 12 months. Accordingly, condomless sexual behaviours were defined by having condomless sex in the previous 1 month, having condomless sex during commercial sexual activities in the previous 12 months, having condomless sex with a fixed/regular partner in the previous 12 months. Demographic and drug-related variables with a p\<0.2 in the simple linear regression were included as the independent variable in the multiple linear regression. A p\<0.05 was considered significant in the final model.

Patient and public involvement {#s2b}
------------------------------

This paper conducts secondary data analysis (stripped of any personal identifier) of these local routinely collected biobehavioural surveillance data, the patients and public were not involved in this study.

Results {#s3}
=======

A total of 610 (71.9%) eligible registrants out of the 848 new entrants at the YuXi detoxification centre in 2015 were included, where 191 (22.5%, 133 were SD-only, 23 were heroin-only users and 35 were poly-drug users) non-IDUs, 34 (4.0%) non-current drug injection users (not in the previous week prior to entry) and 13 (1.5%) non-residents were excluded. The majority were male (551, 90.3%) and the rest were female (59, 9.7%). The mean age of the whole sample was 34.4±8.3 years old. The majority of drug users received junior high school or below education (564, 92.5%) and unmarried (385, 63.1%). The three subgroups of drug users include heroin-only users (295, 48.4%), poly-drug users (277, 45.4%) and SD-only users (38, 6.2%). Poly-drug users (33.8±7.8 years) and heroin-only users (35.1±8.3 years) were significantly older than SD-only users (29.1±7.2 years) (p=0.03). Of the three groups, poly-drug users had the highest daily drug injecting frequency (3.3±1.2 times/day), followed by heroin-only users (2.2±0.8 times/day) and SD-only users (1.2±0.4 times/day, p\<0.01). The syringe sharing rate was lower in heroin-only users (107, 36.3%) than the poly-drug users (145, 52.3%) and SD-only users (21, 55.3%) (p\<0.01). No significant differences are observed in gender distribution, married status and education levels among three groups ([table 1](#T1){ref-type="table"}).

###### 

Key sociodemographic characteristics, drug-related practices, sexual activities following drug consumption and prevalence of confirmed HIV, HCV and syphilis infections among IDU in Southwest China

  Drug type                                                               Heroin only   Poly-drug use   SD only       P values
  ----------------------------------------------------------------------- ------------- --------------- ------------- ----------
  Demographic characteristics                                                                                         
   Gender                                                                                                             0.42
    Male                                                                  270 (91.5%)   249 (89.9%)     32 (84.2%)    
    Female                                                                25 (8.5%)     28 (10.1%)      6 (15.8%)     
   Mean age                                                               35.1±8.3      33.8±7.8        29.1±7.2      0.03
   Married status                                                                                                     0.12
    Single/divorced                                                       182 (61.7%)   183 (66.1%)     20 (52.6%)    
    Married/cohabitation                                                  113 (38.3%)   94 (33.9%)      18 (47.4%)    
   Education                                                                                                          0.41
    Junior high or below                                                  268 (90.8%)   261 (94.2%)     35 (92.1%)    
    Senior high or above                                                  27 (9.2%)     16 (5.8%)       3 (7.9%)      
  Drug-related practices                                                                                              
   Injection frequency (times/day)                                        2.2±0.8       3.3±1.2         1.2±0.4       \<0.01
   Percentage of syringe sharing                                                                                      \<0.01
    Yes                                                                   107 (36.3%)   145 (52.3%)     21 (55.3%)    
    No                                                                    188 (63.7%)   132 (47.7%)     17 (44.7%)    
  Sexual activities associated with drug consumption                                                                  
    Any sexual acts (previous 1 month)                                                                                0.01
    Yes                                                                   132 (44.7%)   176 (63.5%)     33 (86.8%)    
    No                                                                    163 (55.3%)   101 (36.5%)     5 (13.2%)     
   Consistent condom usage in any sexual acts (previous 1 month)                                                      0.01
    Yes                                                                   85 (64.4%)    142 (80.7%)     15 (45.5%)    
    No                                                                    47 (35.6%)    34 (19.3%)      18 (54.5%)    
   Commercial sexual acts (previous 12 months)                                                                        \<0.01
    Yes                                                                   103 (34.9%)   165 (59.6%)     29 (76.3%)    
    No                                                                    192 (65.1%)   112 (40.4%)     9 (23.7%)     
   Consistent condom use in commercial sexual acts (previous 12 months)                                               \<0.01
    Yes                                                                   64 (62.1%)    109 (66.1%)     14 (48.3%)    
    No                                                                    39 (37.9%)    56 (33.9%)      15 (51.7%)    
   Having sex with fixed partner (previous 12 months)                                                                 0.29
    Yes                                                                   89 (78.8%)    72 (76.6%)      13 (72.2%)    
    No                                                                    24 (21.2%)    22 (23.4%)      5 (27.8%)     
   Consistent condom use with fixed partner (previous 12 months)                                                      \<0.01
    Yes                                                                   22 (24.7%)    6 (8.3%)        1 (7.7%)      
    No                                                                    67 (75.3%)    66 (91.7%)      12 (92.3%)    
  Confirmed infections                                                                                                
   HIV infection                                                                                                      0.02
    Positive                                                              27 (9.2%)     37 (13.4%)      0 (0.0%)      
    Negative                                                              268 (90.8%)   240 (86.6%)     38 (100.0%)   
   HCV infection                                                                                                      \<0.01
    Positive                                                              210 (71.2%)   183 (66.1%)     15 (39.5%)    
    Negative                                                              85 (28.8%)    94 (33.9%)      23 (60.5%)    
   Syphilis infection                                                                                                 \<0.01
    Positive                                                              4 (1.3%)      6 (2.2%)        3 (7.9%)      
    Negative                                                              291 (98.7%)   271 (97.8%)     35 (92.1%)    

HCV, hepatitis C virus; IDU, injection drug user; SD, synthetic drug.

Estimated 33 (86.8%) participated SD-only users had sex in the previous month, in contrast, only 132 (44.7%) heroin-only users and 176 (63.5%) poly-drug users reported so. SD-only users had a higher rate of condomless sex in the previous month (18, 54.5%, p=0.01) compared with heroin-only users (47, 35.6%) and poly-drug users (34, 19.3%). Similarly, the proportion of SD-only users (29, 76.3%) who solicited commercial sex in the past 12 months was also higher than poly-drug users (165, 59.6%) and heroin-only users (103, 34.9%, p\<0.01), and so was condomless rate during commercial sex (SD-only users (15, 51.7%), vs heroin-only users (39, 37.9%) and poly-drug users (56, 33.9%)) (p\<0.05). However, no significant differences were found among three groups in the sexual behaviours with fixed partners (p\>0.05). Specifically, 78. 8% (89) of heroin-only users, 76.6% (72) of poly-drug and 72.2% (13) of SD-only users had sex with fixed partners over the last 12 months. But condomless sex rate during the sexual activities with fixed/regular partners was the highest in SD-only users (12, 92.3%), compared with heroin-only users (67, 75.3%) and poly-drug users (66, 91.7%, p\<0.01).

HCV, HIV and syphilis infections positivity rates were substantially different between the three groups. HCV positivity was the highest in heroin-only users (210, 71.2%), followed by poly-drug users (183, 66.1%) and the lowest among SD-only users (15, 39.5%, p\<0.01). In contrast, HIV infection was the highest among poly-drug users (37, 13.4%, p=0.02) and then heroin-only users (27, 9.2%), but no HIV cases were found in SD-only users. Notably, syphilis positivity was the highest among SD-only users (3, 7.9%, p\<0.01), compared with poly-drug users (6, 2.2%) and heroin-only users (4, 1.3%) ([table 1](#T1){ref-type="table"}).

The multivariable linear regression model demonstrated that in both the heroin-only users and poly-drug users. Higher frequency of daily drug injection was correlated with lower likelihood of having had sex or condomless sex ([figure 1A,B](#F1){ref-type="fig"}). Among heroin-only users, every additional injection per day was associated with a 4.6% reduction in sex activities (p\<0.01) and a 7.3% reduction condomless sex in the previous month (p\<0.01). The likelihood of sex in the past month decreased sharply from the peak 53.3% to 30.0%, and condomless sex rate decreased from the peak 37.5% to 0% when the injection frequencies rose from one to six or more injections a day ([figure 1A](#F1){ref-type="fig"}). There was also an 11.5% reduction in the reported rate of condomless commercial sex in the past 12 months for every additional injection (p\<0.01) ([figure 1A](#F1){ref-type="fig"}). Regarding the poly-drug users, ceiling effects were reached earlier with two or more daily injections, being associated with reduced sex activities in the previous month (decreased from the peak 69.0% to 35.7%, p\<0.01) and commercial sex in the previous 12 months (decreased from the peak 64.0% to 42.9%, p\<0.01, [figure 1B](#F1){ref-type="fig"}). The frequency of daily injection and the rate of sex with fixed partners also showed a negative relationship, namely, every extra daily injection reduced 10.4% likelihood of having sex with a fixed partner (p\<0.01). In contrast to other two groups, no significant reduction in any sexual practices in the previous 1 or 12 months was seen with more frequent drug injecting among SD-only users ([figure 1C](#F1){ref-type="fig"}).

![The relationship between sexual practices in the previous 1 month, previous 12 months and different drug administration patterns among heroin-only (A), poly-drug (B) and SDs-only (C) users in Southwest China. IDU, injection drug user; SD, synthetic drug.](bmjopen-2017-019730f01){#F1}

Discussion {#s4}
==========

To the best of our knowledge, this is the first study in China to demonstrate strong associations between daily injection frequencies and sexual behaviours and patterns of recreational drug use. The findings suggest heroin use is related to reduce sexual risk, and SD use is associated with higher sexual risk. Furthermore for those who use heroin (alone or with SDs), increased daily injection frequencies were associated with decreases in both sexual activities and condomless sex over both short term and long term. Conversely, increased drug injecting frequency among SD-only users was not associated with reductions in sexual risk.

Several explanations for the above-mentioned results related to drug consumption and sexual behaviours are likely connected to the effects of dosage. For heroin-only users, it has been documented that high doses of heroin suppress libido and increase the likelihood of erectile dysfunction,[@R25] leading to reduced sexual activity after drug consumption. In contrast, common SDs (eg, methamphetamine) are stimulants. Only a few studies have linked SDs with erectile dysfunction with no clear indication of a potential threshold that could reverse 'stimulating effect'.[@R29] Although this study did not examine whether the motivation for SD use was to facilitate sex, the role of SDs in sexual activity is more complicated than that of heroin and may drive users to have sex. This might explain the consistently high frequency of sexual activity observed among SD-only users. There has been evidence of orally ingested cocaine at 0 mg (placebo group), 125 mg and 250 mg once a day leading to increased sexual desire that was linear to drug dosage.[@R32] However, in our study, intravenous injection of SDs from one to four times (approximately 100 mg each injection) per day did not show linear effects on sexual arousal. The difference may be due to the SDs participants in our study are all IDU and have developed serious drug dependence. It is possible that once these people reach the peak of drug-induced effects, further increases in drug injection frequency may have no additional impact on their sexual practices.[@R33] The finding is consistent with previous results that reported that injecting SDs raises the likelihood of sexual impulsivity.[@R34] Thus, we cannot determine a clear dose effect in the result.

We found that condom use depends on the dose and type of drug. It is well documented that a positive association exists between the SDs including crystal methamphetamine, ketamine, and ecstasy and high-risk sexual practices such as condomless sex, both in China and globally.[@R35] Conversely, our study demonstrated that a declining rate of condomless sex was associated with increases in drug injecting frequency among poly-drug users and heroin-only users but not in SD-only users. Interestingly, an existing literature on cocaine effects demonstrated that under ideal circumstances where condoms are always available, condomless sex does not associate with cocaine use, which is in contrast to case group who lacked immediate access to condoms.[@R32] The latter demonstrates a trend of reduced condom use following the consumption of cocaine with dose--response effects. These results highlight the critical role of condom availability for drug users.

Regarding HCV, HIV and syphilis infections prevalence, SD-only group had the highest syphilis positivity rate, the heroin-only group had the highest HCV positivity rate and mixed user group had the highest HIV infection rate. This partly reflects the divergence of HIV, HCV and STI epidemics and chronological impacts on different priority populations in China. Heroin-only users had the lowest syringe sharing rate within the past 12 months among three groups in our study. However, the higher prevalence of HCV may be due to accumulative risk of infection from a longer duration of injecting drug use. As heroin has been available for more than three decades, SD has only become popular among Chinese youth last 5 years.[@R4] It concurs that the mean age of heroin users was significantly greater than the SD users in our study. Moreover, HCV prevalence rates in China among the general population have been estimated to be approximately 3.2%,[@R39] which is higher than neighbour countries including India[@R40] and another developed country,[@R41] this high background prevalence of HCV may contribute to HCV transmission among long-term heroin-only users as well. Thus, for the younger Chinese generation, who may have a relatively shorter drug use (or mix-use) history of SD, HCV, HIV and syphilis infections prevention should be the foremost priority. Some effective interventions for previous drug harm reduction could be implemented on a wide scale, for example, Needle and Syringe Exchange Programmes, originally targeting heroin users,[@R42] should be extended to SD users to prevent bloodborne disease transmission.[@R43] Also, proactive intervention strategies need to be put in place in response to the imminent transition from non-injection to injection routes, as seen in other countries,[@R44] which is expected to further increase HCV, HIV and syphilis infections burden.

Several limitations of this study should be noted. First, except for laboratory results, participants engaged in self-reporting of drug use and sexual behaviours; therefore, recall bias may exist. Second, the number of respondents who only injected SDs was small as the injection rate was lower in SD-only users compared with heroin-only users and poly-drug users, which may reduce the statistical power of the analysis. However, as no previous studies have reported on the injection of SDs in China, the data in this study can serve as the basis for further research. Additionally, the finding should be considered alarming and drive the implementation of suitable interventions for this population, as drug injection behaviour is estimated to be increasing among SD-only users.[@R46] Third, for the poly-drug user group, where respondents only reported the injection of both heroin and SDs, we could not ascertain whether drugs were consumed concurrently in one dose or through a sequence of different injections. Fourth, the proportion of female drug users (9.7% of total drug users) in this study was much smaller than that of male drug users, meaning this might not have been a representative sample from which to generalise drug use among females. Fifth, we did not identify the type of sexual behaviours and gender of sexual partners in the survey. As drug facilitating sex is more likely to occur among homosexuals than heterosexuals, sexual orientation may have an impact on the aim of drug use and subsequent sexual behaviours.[@R47] Despite this, our study shows the first attempt to explore the drug injection frequency effects on sexual behaviours. These findings are not limited to contributing to the harm reduction of drug consumption in China, but they also add evidence for easing the HCV, HIV and syphilis infections burden brought by drug use in other countries. As rampant recreational drugs consumption is common worldwide, the issue needs a global corporation to eliminate the negative influences.

Conclusions {#s5}
===========

This study underscores that sexual activities including condom use are subject to the type of drugs used and dosage between IDU. Elevated risk of unsafe sexual behaviours has been established among a generation of SD injection users. HCV, HIV and syphilis infections prevention and treatment programmes targeting priority subgroups of IDU in China should be promoted.
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